UILR 8 pezA e suens Juiod ey yoes 1e sejdwes punodl pue 1y |

15611 JUoUSJUog B AQ PeUIULISSD SE () SLUIL Lo JusIsiIp Apuesiubls,
00 = 4 e pue dnoul uesmiag UoloesLl ueubis .

1000 o e Jo 1oege uealulis

B pg s wieseds o) pelieyoed seuol o) a21s Bulwes ay) -

pooy syl Ul sjuslanu uo wBijeoeds pue swg o sieys sUllsel 0 YAONY Ausm-oml & Bulsn peziieue alem elep a1 4

BUIPUE] JO P OF

JUBIBHIP 10U eusm AsUl L WIUoD 0 13811 sluepnis Busn pese) suen sdnould esey] sdnould

Z O pERAIR AjWDpLUED puE pezAeue elewm sadwes gL YD ewl 1y g = u) SjonuoD punol pue o = ) sepdwes i) ‘soouco g ewn o) 05 F SUesW aUR B8],

2000 F L9070 000 F 2L0°0 £00°0 F 980°0 E000 FROLD 000 F92L0 WG4
9000 F LLOD 000 F 9£0°0 F00°0 F GBOD G000 FOLED 9000 FB2L0 pUNCIS
(6 0o 1/Bw) Jpoe o4
9E 10 F £58°E WAEOF 089E ZB2°0 F S26'E 9.0 F2L8€E 0610 FOMOF B4
B12'0 F 866 EZVOTF 9248 ¥Z2'0 F 296'E 2910 FE20F IS0 FSL8E pUNGIE)
(6 0o p/Buw) puoey
BL00 F 0SE0 L9070 F EFF'0 LED'O F OVE'0 0100 F |OE0 SLO'0 F #FED B4
2200 F 29670 w900 F LEFO 8010 F LLEO 0LO0 F LOED LV0'0 F BSED PUNOIE
(6 oo /Bw) uneooy
G000 F L9L°0 820°0 F 2920 ZL00FZIED LEOD FS2F0 GZ0°0 F #9820 Wb
5000 F 9910 00 F 05270 FO00 FZIED 6200 F 9850 920°0 F 8870 pUNCIL)
(6 op/Bu) Lounen L
P ogg P 965 P €SE RPEL 0 swiL sE|io)

sqge"5104]U02 punoab Bujpuodsaa102 pue sej|4o) WBIY Wod) SUjE]A ajgqnjos-12]1em Jo sisAleuy —Z alqel

1pd'9€620L0792  AM|I9eIS OINS Al Alojusaul/swen 3)i4

(Aujiqeas OIAIS) spunodwo) uonliny pue saipnadesaylodewaeyd jo Ajigels :(Q|) swep uswadx]

8T-€T suonipadx3 :(peojAed) uoissin
yHWS ‘A 10IS Qg dwep J031ed11saAu|

(no8-eseuras[-eps|//:d11y) aAIyday B1EQ S92USIIS 81T YSYN



Table 3— Aming acid, hexanal, and vitamin analysis of flight salmen and corresponding ground controls, b«

Salmon Time 0 134 3534 506 d gald
Agpartic acid (mg/100 a)

anound 2120+=114 2147 £ 88 2510 £71% 21681 =61 2126+ 83

Flight 2144 =254 2072 £102 et 213868 2087 =87
Thraonine® {mgAao g)

Ground Q60 =54 859 +55 107 + 35° 12252 1001 £ 37

Flight ged+ 113 058 £ 50 15T £ 45° Qa3 L 43 993 £ 50
Sarine®! {mgA00 gj

Ground 1645 211 +£53 100E = 34° Q49 L 26 BSO £ 45%

Flight 23113 BES L 465 =r P L 915+ 35 B2G L 36F
Glutaric ackP (mgi100 g)

Ground 3006 £ 14E 02| L1113 32TEL98° 1866 SITEL 150

Flight 3021 =356 e £13 3E2E L£95° 062 =63 S115£ 126
Froline® {mg/ 100 g)

Ground T4l =42 TEe £ 25 TER £ 258 o221 Tdd £ 37

F|ig|‘ﬂ: TS0 = B0 T £33 T2 17" GEE 15 TOd £ 37
Glyzine® {mgaAo0 gj

Ground Q60 =42 Q55 £ 50 1048 £ 35¥ 1005 =24 70+ 28

F|ig|‘l‘t a0 £ 116 853 =42 1040 £ 23° Q66 = 31 QG0 =46
Alanire® {mgaA00 gj

Ground 1264 267 1279 £ 53 1568 £ 45° 1303 £ 57 127840

Flight 1273+ 149 1232 =61 1543 £ 36% 1275 +41 1267 £ 64
Cyatine® (g 00 gj

Groun 2151 223 =10 =2ais 2151 21914

Flight 253018 210 =17 =227 +15 211 =15 226213
Valine? {mgr10 g)

Ground 115373 1180 = 57 BT =38 1208 = 36 1045 £ 51%

Flight 1174 = 137 1140 = 55 1208 =31 1205+ 51 1054 £ 50F
Methionine® (mgriod g)

Ground 6448 L 35 ﬂ 35 T2E L 308 BEE L 30 B51 20

Flight Ga3 49 =47 722 L 508 B9 40 30+ 38
lmaleuzins {mgao0 g)

Ground e 63 1007 =53 1004 = 20% 1026 = 30 962 £ 58

Flight 997 =117 O70 £ 48 2T £ 24° 1028+ 31 Qa0 =48
Leucine? {mgrod g)

Ground 1684 £ 85 1713 £73 1850 £+ 48° 1761 48 167378

Flight 1711 & 204 1657 =81 G ERYC 1720 58 186385 78
Tyrosine®! {mgA00 gj

Groun A5 54 B13 £ 459 S5 £ 34F 951 £ 22 TAT £ 407

Flight BED 88 TEE L+ 54% 220 £ 545 915+ 22 T7E L 367
Pharylalanine® (mgaoo g)

Ground 814 =54 b 2a0 £ 32° 861 =27 a5 =41

Flight 926111 G0 L 4 araLazt 043 L 26 BTGB L 42
Lysine® (mg/A00 g)

Ground 21683 £ 107 2182 £102 20+l 223TLES 1956 L 427

Flight 2162250 208 110 225568 220262 1952 £ 107
Hialjgina“ (g 1ce g)

Ground 585133 BO7 £ 25 640 £ 235 G216 585£17

Flight BO3 LTI 580 = 26 B30 £ 14F 1321 585 = 26

inins? {mgri00 g)

arcund 1268 =63 1282 =49 1559 £ 41° 1406 £ 447 1211 £ 54%

Flight 1280+ 153 1247 £ 58 15T £ 41° 1375 £ 409 1196 L &60F
Tryptophan®' (Mg oo gj

arcund 281 £ 26 20014 51+ 158 JEL 2D 256 L 2T

Flight 289420 220 17 S45 L 198 287 £ 00 231 £ 16
Hsuanalépm‘.;.

Groun w0106 =100 0100 w0106 w0100

Flight w0, 1060 =i,100 0,100 w0, 1060 w0100
Miacin'@ img/i00 g)

Ground TA19+0.34 G685 L0583 6.90 £ 0.67 B.57 £ 0.667 727 £0.70

Flight 6.91 £ 0.61 620 L0850 B.81£0.73 B2DL 04T 669 L 0.08
Vitarmin Bg™P (mgr1o0 g)

Ground 0350 £ 0,050 0358 20,021 0.5375£0.027 0282 L 0.025 0.280 £ 0.040%

Flight 0.360 £ 0.030 Q.347 £0.027 0.322 £0.023 0.3085 £ 0,008 0.285 £ 0.025°
Vitamin Bz (z@M100 g)

Ground 2sd L0142 2457 £0.21 2.50£0.52 261 £0.26 24T £0.23

Flight 25 £0.11 2.48+£0.54 257£0.12 2E2£0.25 2.23£0.25
Vitarrin D (U400 g)

Ground Jeq 62 339 £ 580 FET A7 0o AET L 40

Flight FE8 = A0 333 +54 Fra+ 42 344 =68 3TALTT

aData are means + SD for time 0 controls, flight samples (n = 6), and ground controls (n = 9). At time 0, 15 samples were analyzed and randomly divided into 2 groups. These
groups were tested using Student’s t -test to confirm that they were not different. All flight and ground samples at each time point were analyzed within 30 d of landing.
bThe data were analyzed using a two-way ANOVA to test the effects of time and spaceflight on nutrients in the food.
cThe serving size for salmon packaged for spaceflight is 85 g.
dSignificant effect of time, P < 0.001,
eSignificantly different from time 0 as determined by a Bonferroni t-test.
Significant difference between groups (ground and flight), P < 0.05.
gSignificant effect of time, P < 0.05.
nSignificant interaction between group and time, P < 0.05.
iSignificantly different from ground as determined by a Bonferroni t-test, P < 0.05.



Table 4 - Amino acid, vitamin, and hexanal analysis of flight almonds and corresponding ground controls. 2~

Almeonds Time 0 13d 3534 Gog d B0 d
#.agm‘ﬁcaci:l“ im0 g)
around BLTd 2ET1£T0 25004£T4 212450 262 £ 1057
Flight 2584 £ 66 2550 £ 50 2540 £ 117 2500 £94 2326 £ 1647
Threaning’ (Mg 163 g)
Ground BR3£ 17 fgx14 G0E£ 18 E2d £ 11 B3 £17
Flight 2T+ 18 G1g=10 G20 £2T (LS 62823
Sering™? imgAao g
Grownd G946+ 28 e P A28 £ 35 o+ 15 Q00 £ 56%
Flight 986 L 26 Qa5 L14 OTEL 34 93331 BA0 L42%
Gltarric acid {mg100 gj
Ground E134 £ 162 EB2EL 160 E215£174 BT £111 E104 L4683
Flight 218+ 120 G220 £ 74 G260 £ 249 B30 £180 07 £325
Proline? (mg/1cs) g
Ground 954 £ 30 gro+ 23 BEa £ 22 Bad £31¢ 933 £T1
F|'ght 970+ 26 o2+ 35 OET £ AT T Q2EL£11
Glyeing® (mgrcd g)
Ground 14764 32 1471+ 23 1471 £28 1522429 1411 £ 30%
F|'ght 1495+ 24 1483 £15 1483 =42 1498 £ 36 1410 246%
Alanine" (mgi 0 )
Ground 1031+ 27 1024+ 25 1021 £27 1042 £ 16 1012 £ 26%
Flight 1047 £ 20 123 £149 1035 £41 1034 £28 1001 £ 15%
Cyating™ (mgr100 g)
Grownd 250+ 11 ma+a RN IFY ] 281+13 283 L1
Flight 26511 R R ] 26T £15 270+16 2568 £29
Valina®M {mgii0d g
Ground 1008+ 29 ord+ 3 088 £ 25 1067 £ 33% BAD £ 26%
Flight 1020£26 1003+ 57 BERL4? 1062 =24 976 £ 36
Methicnine® img/100 g)
Ground 15089 1477 166 £ 15° 1488 151 £5
Flight 1508 14718 165 L1 150L& 154 £ 11
[cdauzing®™ {mgAon gj
Ground BSA L 24 29+ 3 BREL18 ang L 24* B2A L 26
Flight BT+ 24 &5+ 15 805 £ 33 Bad £ 24 Bad £ 31
Lewcing® img100 g)
Ground 1576247 1571 £40 1518 £ 44° 1816 £28 1528 £ 37F
Flight 1810+ 38 1582+ 1533 £ 65 1807 £50 1527 £41%
Tyrosine? (mg100 )
Ground 6L 18 B34 £17 B23 £ 00 [ 707 £14TH
Flight Ge £ 20 Gd2£13 G35 £ 30 GaE £23¢ T £1ATH
Phenylalaning? {mgioa g)
Ground 1226+ 36 120+£3 1178 £ 35 1278 £22 1192 £ 24%
Flight 1246+ 28 1233+ 149 1168 £ 447 1265 £ 38 1183 £ 30°
Lg.elna“ imgioa g
Ground 9815 g1 568 £10 151 494 21087
Flight 96+ 10 max12 Gre 16 5e2+39 500 £ 1477
Hiaticing? {mg/ 0 gj
Ground 5114 BT 14 534 £ 15 SEAL13 521 L5%
Flight G5+ 12 R ] sas£2? ST 17 520£27¢
rgnlna" {100 g)
2488 £ 120 2508+ 54 2428 £ 700 713xeat 2646 L B0F
Flight HegL 106 2503443 2455 L 107% 2800 L BAF Az LT
Tryg:tophnanIl imgra g)
208 2 L6 274 £ 114 241 £ 40F 2057
Flight 2111 28£10 TILE 255 £49° 215x14
Hezianal®" {ppm)
Ground 0.228£0.048 G4BT £0061% 0,734 £ 0228 0110£0.008 0,596 £0.301%
Flight 0.247 £0.052 4384+ 0008% 0ATS L0118 0.108 £0.008 0,776 £ 0.040%
Biotin®! {mgroog)
Ground 0.041£0.002 0042 £ 0008 0046 £ 0.002° 0.042 £0.002 0.040 £0.022
Flight 0.040£0.004 0059 £0004 01,048 £ 0.002° 0.043 £0.001 01,045 £ 0,005"
Ribaflavin? mgao g)
Ground 1.260 £ 0.160 1.308£0081 115 £0.064 1,528 £ 0,236 1911 £0.163
Flight 1.2dd £10.083 15787 £0.124 175 £ 0,080 1,380 £ 0.045% 1.335 £0.185
Yitamin E? {ILlA00 g)
Ground KLES L JE£d KL ELET
Flight JEL2 32L1? IEL3 KPS 05

aData are means + SD for time 0 controls, flight samples (n = 6), and ground controls (n = 9). At time 0, 15 samples were analyzed and randomly divided into 2 groups. These
groups were tested using Student’s t -test to confirm that they were not different. All flight and ground samples at each time point were analyzed within 30 d of landing.

bThe data were analyzed using a two-way ANOVA to test the effects of time and spaceflight on nutrients in the food.

cThe serving size for almonds packaged for spaceflight is 45 g.

dSignificant effect of time, P < 0.001.

eSignificantly different from time 0 as determined by a Bonferroni t-test.

Significant effect of time, P < 0.05. Significant interaction between group and time, P <0.01.

nSignificant difference between groups (ground and flight), P < 0.05. iSignificant interaction between group and time, P < 0.001.

iSignificant interaction between group and time, P < 0.05. «Significantly different from ground as determined by a Bonferroni t-test.



Table 5=Vitamin analysis of flight broccoli au gratin and corresponding ground controls.®™®

Broccoli au gratin Time 0 13d 353 d 506 d Badd
Thiamin (mg/M100 g)

Ground 0.114 £0.009 0.122 £ 0.031 0.154 4+ 0.058 0.127 £0.009 0.1104+0.010

Flight 0.120 £ 0.036 0.180 4 0.083 0.12340.008 0.127 £0.010 0.1204+0.010
Vitamin Bg®2 {mg100 g)

Ground 0.5124£0.049 0.506 & 0.023 0.6284£0.066 0.412 £0.030 0.5104£0.050

Flight 0.552 £ 0.026 0.5364+0.114 0.615+£0.058" 0.463 £0.035" 0.580 4 0.040
Folic acid? (mg/100 g)

Ground 0.367 £0.033 0.3356 4+ 0.050 0.295+0.027° 0.295 +0.037" 0.295+0.053

Flight 0.381 £0.033 0.306 £ 0,025 0.270+£0.043 0.294 £0.016 0,268 & 0.040"
Biotin?" (mg/100 g)

Ground 0.017 £0.001 0.018 £ 0.001" 0.017 £0.001 0.015 £0.001 0.01640.001

Flight 0.017 +0.001 0.01540.003 0.016+0.001 0.016 £0.001 0.017 £ 0.001
Vitamin Bq2? (1g/100 g)

Ground 0.343 £ 0.021 0.399 £ 0.010 0.490+0.084 0.458 £0.039" 0.41840.042"

Flight 0.320 £ 0.023 0.390 £ 0.028" 0.488+£0.055 0.442 £0.020 0.4134+0.024'
f-carotene® (mg/100 g)

Ground 0.87+£0.14 0.96+£0.14 0.9340.20 0.134+0.02 0.234+0.08

Flight 0.82+0.08 0.91+£0.21 0.84 £0.41 0.18+0.04 0.2340.07
Vitamin C¥ (mg/100 g

Ground 15849 1824£12 162412 144 & 23 133413

Flight 166£12 163+ 11 148413 154 4+ ¢' 131 +11
Vitamin KA%! {g/100 g)

Ground 321454 346439 31T £40 294 443 283451

Flight 323L4e 305 L 44 3034L50 226 L 36 271 a7

AData are means £ 30 for ime 0 controls, flight samﬁles (n = &), and ground controls (n = §). Attime 0, 15 samples wera analyzed and randomly divided imo 2 groups. Thass
groups ware tasted using Sudent's r-test 1o confirm that they were not different. All flight and ground samples at each time point were analyzed within 30 d of landing.
The data were analyzed using a two-way ANOVA 1o test the effects of time and spacefiight on nutrisnts in the fed,
“The sarving size for broceoli au gratin packaged for spaceflight is 30 g (dry weight.
d5ignificant effect of tme, £ = 0.001.
*Significant diffarance batweaan %roups ground and ﬂi%rén P < 0.01.
1Significanty differant from ima O as determined by a nfarrani i-fest
aSignificant effect of ime, P = 0.05.
hSignificant intoraction between group and time, P < 0.001.
'Significant differance batween groups (ground and flight), P < 0.05.

Table 6 — Vitamin analysis of flight apricots and corresponding ground controls. 22

Dried apricots Time 0 13d 353d 506 d 880 d
f-carotene” (mg/100 g)
Ground 4.474+0.54 4.27+0.41 3.67+0.29 7.624+056° B.27 4+ 1.04%
Flight 4.67+0.35 4.08+£043 426+1.41 7.86 +£0.40°8 7.98 +0.86°
Vitamin E%' (IUA 00 g)
Ground 6.6854+0.60 B.77+0562 6144+0.72 6.51 +0.57 6.744+0.79
Hlight G644+ 0.84 6.82+0.44 5.0041.25° 7.1 £0.63 7.84 0585
Vitamin K1 (ugi00 g)
Ground 11+1 =10.0 =10.0 <10.0 <10.0
F|ig|"|t 1140 =10.0 =10.0 =100 =100

“Data are means + SD for ime 0 controls, flight ;amﬁles {n = &), and ground controls (n = 9). Attime 0, 15 samples were analyzed and randomly divided imto 2 groups. These
Eroups ware testad using Student's i-test 1o confirm that they wera not different. All flight and ground samples at each time point were analyzed within 30 d of landing.
The data wera analyzed using a two-way AMOVA to test the effects of tima and spacefiight on nutriamts in the food.
=The sarving size for dried apricots packaged for spaceflight is 62 g.
d5ignificant effect of time, P = 0.001.
“Significantly difieront from time 0 a= determined by a Bonferroni r-test
ISignificant interaction betwsen group and time, P < 0.001.



Table 7 — Vitamin analysis of flight multivitamin and corresponding ground controls.>®

Multivitamin Time 0 12d a53d 596 d 880 d
p-carotene” (mg.tablet)

Ground 0.733+0.0M 0.760 £ 0.068¢ 0.727 £0.042 0.737 £ 0.065 0.64810.080

Flight 0.677+0.100 0.814 + 0.025¢ 0.770+0.056 0.772+0.182 0.686+0.092
Biotin®! (pg/tablet)

Ground 3941 41424 4124 ag+2 EESL

Flight 3913 4313 44 +44 3841 /L1
Folic acid™® (ug/tablet)

Ground 607 +54 552417 520+ 149 528+ 23 549+ 374

Flight 80117 576+ 539 +11¢ 569 +13¢ 556+ 184
Niacin® (mg/tablet)

Ground 2240 2241 22+0 23+1¢ 2241

Flight 2210 2210 22+0 2340 2210
Vitamin Bg® (mgtablet)

Ground 4.280+0.1M 4176 +0.162 4.141 4+ 0.052 4.07440.108! 4.118+0.058°

Flight 4,237 +0.035 4.208+0.0M1 4178 +£0.019¢ 4.125+0.133¢ 4,120+ 0.0224
Riboflavin® {mg/ablet)

Ground 2.26 :0.07 2.19 £ 0.09¢ 2.221+0.05 2.14+£0.164 2,09+ 0.04¢

Flight 2.2410.07 2.16+0.064 2.25+0.02 2.18+0.07¢ 2.08+0.02¢
Thiamin® {mg/tablet)

Ground 1.53+0.03 1.58 £ 0.044 1.79+0.04 1.45+0.10 1.51+0.02

Flight 1.51+0.05 1.58+0.024 1.80 +0.02¢ 1.52+0.07 1.544+0.02
Total vitamin K1° (ug/tablet)

Ground 1941 2114 18 £0¢ 18409 17401

Flight 201 2114 1804 1941 18+ 0¢
Vitamin A=" (retinol) (IU/tablet)

Ground 3360+ 247 31844215 2694 1 190¢ 2703+ 119 2515+2134

Flight 3510218 33484125 3095 +2114 2807 +£199¢ 2253+ 9894
Vitamin Bqz*' (ng/iablet)

Ground 3441 a2+ art2d 3341 L

Flight 33+2 J3+2 3441 3441 3141
Vitamin C# (mg.tablet)

Ground 68+2 T+3 66+24 64 +34 60+ 5

Flight g9+2 7013 6427 64119 63+ 4
Vitamin D* {IU/tablet)

Ground 521452 527133 56454 468 4 301 560+23

Flight 551455 518127 518+60 464 +39¢ 538+ 21
Vitamin E=i (IU/tablet)

Ground 58+2 52+44 5815 51+44 51+5¢

Flight 5941 43+ 14 6111 5244 5346

“2Data are means + S0 for tme 0 contrels, flight samples (n = €), and ground controls (n = 9). At ime 0, 15 samples were analyzed and randomly divided into 2
groups. The groups were tested using Students {-test to confirm that they were not different. One replicate equale 20 pille packaged in a gingle bag. All flight and
round samples at each time point were anaJszad within 30 d of Iandir}g. All pills were protected from light during the entire study.
o data were analyzed using a two-way AMOWVA to test the effects of ime and spaceflight an nutrients in the pills.
2Significant effect of time, P = 0.01.
dSignificantly different from time 0 as detarmined by a Bonfarroni t-tost.
*Significant effect of ime, P = 0.001.
fSi;;|r'|iﬁca31"|t difference betwean groups {ground and flight), P < 0.01.
2Significant diference between groups tggmund andﬂlghti, P = (.05,
hSignificant difference between groups (ground and flight), P = 0.001.
Significant intaraction betwesn group and time, P = 0.001.




Table 8 - Vitamin D analysis of flight vitamin D supple-
ment and corresponding ground controls.>®

Vitamin D
supplement Time 0 13d 353 d 596 d gaod

Vitamin D° {IUAablet)
Ground 442+ 26 4184+ 207 412 + 167 424 + 43¢ 336 £+ 319
Flight 474 + 51 410+ 15 429 +19¢ 419 + 497 383 4 219

BData are means + SD for ime 0 controls, flight samples (n = &), and ground
cantrals (7 = 9). At time 0, 15 samples were analyzed and randomly divided into
2 groups. The groups wara testad using Studant's i-tast to confirm that they wara
not differant. One replicate equals 20 pills packaged in a single bag. All flight and
ground samples at each ime point were analyzed within 30 d of landing. All pills
wara protacted from light during the antire study.

bThe data were analyzed using a two-way ANOVA to test the effects of time and
epaceflight on nutrignts in the pills.

=3ignificam effect of time, P = 0.001.

dSignificantly different from time 0 as determined by a Borferroni -test.

Source for all tables: Zwart SR, Kloeris VL, Perchonok MH, Braby L, Smith SM. Assessment of nutrient stability in foods
from the space food system after long-duration spaceflight on the ISS. J Food Sci. 2009 Sep;74(7):H209-17.



